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ABSTRACT 
2 3 6  (7 
The stress corrosion properties of some of the most commonly used 
high-strength aluminum alloys - 2014, 2024, 2219, 7075, 7178, and 7079 - 
are presented. The effectiveness of a few protective finishes in com- 
bating stress corrosion is also presented. Alternate immersion in 
3-1/2 percent salt solution and exposure to the atmosphere at MSFC con- 
stituted the test media. 
aluminum alloys tested were highly susceptible to stress corrosion I 
cracking in the short transverse direction except 7075-T73 and 2219-T87. 
Neither chemical conversion nor anodic coatings were effective in com- 
bating stress corrosion; however, either of these coatings plus zinc 
chromate primer afforded considerable protection. 
It was found that all of the high-strength 
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STRESS CORROSION OF HIGH-STRENGTH ALUMINUM ALLOYS 
By T .  S .  Humphries 
SUMMARY 
The h i g h - s t r e n g t h  aluminum a l l o y s  used f o r  space launch v e h i c l e s  
p o s s e s s e  low o r d e r  of r e s i s t a n c e  t o  c o r r o s i o n  a s  compared t o  t h e  lower 
s t r e n g t h  aluminum a l l o y s  developed f o r  o t h e r  c h a r a c t e r i s t i c s .  Because 
of t h e  low s a f e t y  f a c t o r s  used f o r  space  launch v e h i c l e  d e s i g n ,  a pro- 
gram was i n i t i a t e d  t o  i n v e s t i g a t e  t h e  s t r e s s  c o r r o s i o n  c h a r a c t e r i s t i c s  
of t h e  more common h i g h - s t r e n g t h  aluminum a l l o y s  encountered on t h e s e  
v e h i c l e s .  Specimens of t h e  va r ious  a l l o y s  w e r e  s t r e s s e d  i n  t h e  s h o r t  
t r a n s v e r s e ,  t h e  long t r a n s v e r s e ,  and t h e  l o n g i t u d i n a l  d i r e c t i o n s  r e l -  
a t i v e  t o  t h e  g r a i n  s t r u c t u r e .  The p r o t e c t i v e  f i n i s h e s  c u r r e n t l y  used 
f o r  aluminum components on t h e  Sa turn  I Vehic le  w e r e  eva lua ted  t o  
de te rmine  t h e i r  e f f e c t i v e n e s s  i n  combating s t r e s s  c o r r o s i o n ,  A l t e r n a t e  
immersion i n  3-112 pe rcen t  s a l t  s o l u t i o n  w a s  employed a s  a n  a c c e l e r a t e d  
t e s t  medium, and specimens were a l s o  exposed t o  t h e  atmosphere a t  MSFC. 
The r e s u l t s  i n d i c a t e  t h a t  t h e  h i g h - s t r e n g t h  aluminum a l l o y s  - 2014, 
2024, 7075, 7178, and 7079 - i n  the  normal tempers (-T4 and -T6) a r e  
s u s c e p t i b l e  t o  s t r e s s  c o r r o s i o n  c racking  when s t r e s s e d  i n  t h e  s h o r t  
t r a n s v e r s e  d i r e c t i o n ,  and t o  a cons ide rab ly  lesser degree  i n  t h e  long 
t r a n s v e r s e  and l o n g i t u d i n a l  d i r e c t i o n s .  Overaged (-T73) 7075 aluminum 
a l l o y  showed a marked improvement i n  r e s i s t a n c e  t o  stress c o r r o s i o n  
c rack ing  over 7075-T6. Al loy  2219-T87 a l s o  e x h i b i t e d  a h igh  r e s i s t a n c e  
t o  stress c o r r o s i o n  c rack ing  compared t o  most h i g h - s t r e n g t h  aluminum 
a l l o y s .  N e i t h e r  chemical conversion no r  anodic  c o a t i n g s  were e f f e c t i v e  
i n  combating stress c o r r o s i o n  of aluminum. However, e i t h e r  of t h e s e  
t r e a t m e n t s  followed by z i n c  chromate p r i m e r  (MIL-P-8585A) a f f o r d e d  
c o n s i d e r a b l e  p r o t e c t i o n  a g a i n s t  s t r e s s  c o r r o s i o n .  
2 
INTRODUCTION 
Stress co r ros ion  i s  a complex i n t e r a c t i o n  of c o r r o s i v e  a t t a c k  and 
s u s t a i n e d  t e n s i l e  s t ress  a t  t h e  me ta l  s u r f a c e  which r e s u l t s  i n  c rack ing  
o r  f a i l u r e .  Only a cont inuous  s u r f a c e  t e n s i l e  stress c a u s e s  s t r e s s  
c o r r o s i o n  c rack ing ,  whereas i n t e r m i t t e n t  stresses such a s  those  resu l t -  
i ng  from s e r v i c e  loadings  do n o t .  The main source  of s u s t a i n e d  t e n s i l e  
stress i s ,  g e n e r a l l y ,  r e s i d u a l  stress r e s u l t i n g  from quenching t h i c k  
s e c t i o n s  a f t e r  thermal h e a t  t r ea tmen t  and from c e r t a i n  forming opera- 
t i o n s .  Other sou rces  a r e  cons t an t  s t ress  a p p l i e d  a s  i n  i n t e r f e r e n c e  
f i t s ,  s t r e s s e s  produced i n  b o l t s  and o t h e r  th readed  j o i n t s  and clamps, 
and locked-in s t r e s s  from m i s f i t s  du r ing  assembly. Res idua l  t e n s i l e  
stresses in t roduced  by quenching a f t e r  s o l u t i o n  h e a t  t r ea tmen t  a r e  
u s u a l l y  i n t e r n a l ,  w i t h  compressive s t r e s s e s  occur r ing  on t h e  s u r f a c e  
of t h e  m a t e r i a l .  Extens ive  machining may r e s u l t  i n  t h e  exposure of 
t e n s i l e  stresses on t h e  s u r f a c e  which r ende r s  t h e  m a t e r i a l  s u b j e c t  t o  
s t ress  co r ros ion .  S t r e s s  c o r r o s i o n  c rack ing  of s u s c e p t i b l e  aluminum 
a l l o y s  can occur i n  ve ry  mild environments,such a s  t h e  atmosphere o r  
condensed w a t e r  vapor .  The presence  of c h l o r i d e s  i n  e i t h e r  of t h e s e  
environments w i l l  agg rava te  t h e  a t t a c k .  
EXPERIMENTAL PROCEDURE 
Two t ypes  of specimens were employed i n  t h i s  work: round t e n s i l e  
specimens (0.125 i n .  d iameter  w i t h  1 1 2  i n .  gage l eng th )  s t r e s s e d  i n  
d i r e c t  t ens ion  and "C"-rings (1 .5  i n .  d i ame te r  w i t h  0.064 i n .  w a l l  
t h i c k n e s s ) ,  u t i l i z i n g  t h e  c o n s t a n t  d e f l e c t i o n  method (FIG 1 ) .  D e t a i l e d  
d e s c r i p t i o n s  of t h e s e  two types  of specimens a r e  desc r ibed  i n  r e f e r e n c e  
1. These two types  were chosen so  t h a t  t e s t s  could  be conducted i n  a l l  
t h r e e  d i r e c t i o n s  - s h o r t  t r a n s v e r s e ,  long t r a n s v e r s e ,  and l o n g i t u d i n a l  - 
r e l a t i v e  t o  g r a i n  s t r u c t u r e .  
of 2214-T651, 2024-T.4 and -T6, 2219-T81 and -T87, 7075-T6 and -T73, 
7178-T651, 7079-T6, and 5456-H321. Al loys  2014-T651 and 7079-T6, bo th  
of which a r e  known t o  be s u s c e p t i b l e  t o  stress c o r r o s i o n  c r a c k i n g ,  
were chosen f o r  t h e  e v a l u a t i o n  of p r o t e c t i v e  c o a t i n g s .  The p r o t e c t i v e  
c o a t i n g s  eva lua ted  t o  combat stress c o r r o s i o n  c o n s i s t e d  of chromic a c i d  
anodized f i l m  (MIL-A-8625AY Type I ) ,  s u l f u r i c  a c i d  anodized f i l m ,  w i th  
both  ho t  wa te r  and dichromate s e a l  (MIL-A-8625A, Type 11), "hard" anod- 
i z e d  f i l m ,  chemical convers ion  c o a t i n g s  (Alodine N o .  1200 and I r i d i t e  
No. 14-2) ,  and one of t h e s e  f i n i s h e s  p l u s  two sp ray  c o a t s  of z i n c  
chromate primer (MIL-P-8585A). 
The aluminum a l l o y s  eva lua ted  c o n s i s t e d  























The tes t  specimens were degreased w i t h  a c e t o n e ,  s t r e s s e d  t o  t h e  
d e s i r e d  l e v e l ,  and p laced  i n  t h e  c o r r o s i v e  environments u n t i l  f a i l u r e  
occurred o r  u n t i l  t h e  t e s t s  w e r e  t e rmina ted .  Mechanical p r o p e r t i e s  of 
a l l  a l l o y s  were measured i n  a l l  d i r e c t i o n s  of t e s t i n g .  D u p l i c a t e ,  un- 
s t r e s s e d ,  t e n s i l e  specimens were exposed under i d e n t i c a l  c o n d i t i o n s  
f o r  c o n t r o l .  The chosen s t ress  l e v e l  was 75 p e r c e n t  of t h e  y i e l d  
s t r e n g t h ,  except a l l o y  7079-T6 was s t r e s s e d  t o  25 ,  5 0 ,  75, and 90 per -  
c e n t  of t h e  y i e l d  s t r e n g t h .  Most of t h e  r e s u l t s  were obta ined  us ing  
a n  a l t e r n a t e  immersion t e s t e r  (FIG 2)  c o n t a i n i n g  a 3-112 p e r c e n t  sodium 
c h l o r i d e  s o l u t i o n  a s  t h e  t e s t  medium. This  t e s t  employs a one hour 
c y c l e  w i t h  t en  minutes  of immersion followed by f i f t y  minutes  of dry ing .  
Specimens, i n c l i n e d  a t  a 30' angle  f a c i n g  s o u t h ,  were a l s o  exposed t o  
the  atmosphere a t  MSFC. 
The time i n  days t o  f r a c t u r e  of t h e  s t r e s s e d  specimens v a s  record-  
ed.  A t  t h e  t i m e  of f r a c t u r e  of t h e  round t e n s i l e  specimens,  t h e  d u p l i -  
c a t e  uns t ressed  specimen was removed and t h e  mechanical p r o p e r t i e s  
determined t o  e v a l u a t e  t h e  change i n  p r o p e r t i e s  r e s u l t i n g  from c o r r o -  
s i o n  p e r  se.  When t h e  tes ts  were t e r m i n a t e d ,  t h e  s t r e s s e d  specimens 
t h a t  had n o t  f a i l e d  and t h e i r  corresponding u n s t r e s s e d  specimens were 
removed from t h e  a l t e r n a t e  immersion tes te r  and t h e i r  mechanical proper-  
t i e s  measured. The comparison of t h e s e  p r o p e r t i e s  and t h e  o r i g i n a l  
p r o p e r t i e s  gave a n  i n d i c a t i o n  of t h e  a c c e l e r a t i o n  of c o r r o s i o n  r e s u l t i n g  
from s t ress .  Although t h e  "C"-ring type  of specimen was s t r e s s e d  quan- 
t i t a t i v e l y ,  i t  could n o t  be t e s t e d  a f t e r  exposure and was,  t h e r e f o r e ,  
a "crack-no-crack" type  of t e s t .  
RESULTS AND DISCUSSION 
The h igh-s t rength  wrought aluminum a l l o y s  used i n  t h i s  i n v e s t i g a -  
t i o n  a r e  divided i n t o  two g e n e r a l  c l a s s e s :  t h e  Al-Cu-Mg-Mn (2000 
series) and t h e  AI-Zn-Mg-Cu (7000 s e r i e s )  a l l o y s .  Although t h e  a l l o y s  
i n  t h e s e  c l a s s e s  a r e  s i m i l a r  i n  behavior ,  i n d i v i d u a l  a l l o y s  and tempers 
have c e r t a i n  s p e c i f i c  c h a r a c t e r i s t i c s .  A s  s t a t e d  i n  r e f e r e n c e  2 ,  a l l o y s  
7178-T6 and 7075-T6 provide t h e  h i g h e s t  s t r e n g t h s  f o r  t h i n  and medium 
s e c t i o n s ,  while  7079-T6 a l l o y  a f f o r d s  t h e  b e s t  combination of h igh  
s t r e n g t h  and e longat ion  f o r  aluminum a l l o y s  i n  t h i c k  s e c t i o n s .  Alloy 
2219 a f f o r d s  maximum t e n s i l e  p r o p e r t i e s  a t  e l e v a t e d  temperature  i n  
a d d i t i o n  t o  good w e l d a b i l i t y ,  h i g h  s t r e n g t h ,  and r e s i s t a n c e  t o  s t r e s s  
c o r r o s i o n .  The -T73 temper was developed f o r  a l l o y  7075 t o  provide a 
h igh  r e s i s t a n c e  t o  s t ress  c o r r o s i o n  c racking  i n  t h e  s h o r t  t r a n s v e r s e  


























It i s  g e n e r a l l y  agreed t h a t  aluminum a l l o y s  can be s t r e s s e d  t o  
r e l a t i v e l y  high l e v e l s  i n  t h e  l o n g i t u d i n a l  and long  t r a n s v e r s e  d i r e c -  
t i o n s  w i t h  very l i t t l e  danger of stress c o r r o s i o n  c rack ing ;  whereas,  
s t r e s s  c o r r o s i o n  c racking  w i l l  occur i n  t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n  
a t  a much lower l e v e l  of stress. I n  o t h e r  words,  aluminum a l l o y s  exhib-  
i t  t h e  h i g h e s t  r e s i s t a n c e  t o  stress c o r r o s i o n  c rack ing  i n  t h e  long i -  
t u d i n a l  d i r e c t i o n  and t h e  lowest i n  t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n .  It 
is, t h e r e f o r e ,  impor tan t  when conducting a comprehensive e v a l u a t i o n  of 
stress co r ros ion  c racking  of aluminum t o  t es t  t h e  m a t e r i a l  i n  a l l  t h r e e  
d i r e c t i o n s  r e l a t i v e  t o  g r a i n  s t r u c t u r e .  T e s t s  i n  t h e  s h o r t  t r a n s v e r s e  
were employed most f r e q u e n t l y  i n  t h i s  i n v e s t i g a t i o n  because of t h e  
s u s c e p t i b i l i t y  t o  s t r e s s  c o r r o s i o n  c racking  i n  t h i s  d i r e c t i o n .  P l a t e ,  
a t  l e a s t  2 inches t h i c k ,  was necessa ry  i n  o r d e r  t o  o b t a i n  round t e n s i l e  
specimens from t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n .  
The nominal composition and t h e  mechanical p r o p e r t i e s  of t h e  
a l l o y s  tested a r e  l i s t e d  i n  Table  I. I n  Table  TI a r e  l i s t e d  t h e  stress 
c o r r o s i o n  r e s u l t s  employing t e n s i l e  specimens a l t e r n a t e l y  immersed i n  a 
3-112 percent  sodium c h l o r i d e  s o l u t i o n .  
i n c h  diameter threaded-end t e n s i l e  specimens s t r e s s e d  t o  75 pe rcen t  of 
y i e l d  s t r e n g t h ,  u n l e s s  o therwise  s t a t e d  i n  t h e  t a b l e .  It may be seen  
t h a t  t h e  s t r e s s  c o r r o s i o n  c h a r a c t e r i s t i c s  of a l l o y s  2014-T651, 2024-T4 
and -T6, 7075-T6, and 7079-T6 a r e  s i m i l a r ,  whereas 7178-T651 i s  some- 
what more s u s c e p t i b l e .  The r e s u l t s  ob ta ined  on 2024-T4 and 2024-T6 do 
n o t  ag ree  wi th  publ i shed  da ta  by Alcoa ( r e f e r e n c e  2 ) ,  which i n d i c a t e  
t h a t  t h e  r e s i s t a n c e  t o  stress c o r r o s i o n  c rack ing  of 2024-T6 i s  s u p e r i o r  
t o  t h a t  of 2024-T4. It should  be po in ted  o u t  t h a t  t h e  2024-T6 specimens 
used i n  t h i s  i n v e s t i g a t i o n  were n o t  t aken  d i r e c t l y  from 2024-T6 p l a t e ,  
b u t  w e r e  ob ta ined  by a r t i f i c i a l  ag ing  2024-T4 specimens t o  t h e  -T6 con- 
d i t i o n .  Alloy 7075 i n  the overaged c o n d i t i o n  (7075-T73) and a l l o y  
2219-T87 e x h i b i t e d  r e l a t i v e l y  h i g h  r e s i s t a n c e  t o  stress c o r r o s i o n  c rack-  
i n g  and were comparable i n  performance t o  t h e  i n t e r m e d i a t e - s t r e n g t h  
a l l o y  5456-H321, p a r t i c u l a r l y  i n  t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n .  A s  
expec ted ,  a l l  of t h e  a l l o y s  e x h i b i t e d  t h e  lowest r e s i s t a n c e  t o  s t ress  
c o r r o s i o n  i n  t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n  and t h e  h i g h e s t  i n  t h e  
l o n g i t u d i n a l  d i r e c t i o n .  
A I 1  tes ts  w e r e  made on 118 
Table 111 g i v e s  t h e  r e s u l t s  of t h e  s t r e s s e d  specimens exposed t o  
t h e  atmosphere f o r  approximate ly  f i v e  months a t  MSFC. T h i s  l e n g t h  of 
exposure t o  a mild atmosphere i s  n o t  of s u f f i c i e n t  d u r a t i o n  t o  o b t a i n  
conc lus ive  r e s u l t s ,  but t h e  da t a  w e r e  inc luded  f o r  comparison w i t h  t h e  
a c c e l e r a t e d  t e s t s .  A l l  tes ts  w e r e  made on 118 inch  threaded-end tens i le  
specimens s t r e s s e d  t o  75 pe rcen t  of y i e l d  s t r e n g t h ,  excep t  a s  noted i n  
t h e  t a b l e .  Only f i v e  specimens have f a i l e d  a f t e r  f i v e  months of expo- 
s u r e  t o  the atmosphere, and a l l  of them were s t r e s s e d  i n  t h e  s h o r t  
t r ansve r se  d i r e c t i o n .  Three specimens of a l l o y s  7079-T6 f a i l e d ,  and 
one each  of a l l o y s  2014-T651 and 2024-T4 f a i l e d ,  which i n d i c a t e s  t h a t  





































































G i n  I 
._II "0. I 
c n o  I 
I I I I 1  
I I I f 1  
: I I I I 
m m w 4  
0 0 0 0  
0 0  0 
n 
L . .  
N 
























































Table I1 Stress Corrosion of High-Strength Aluminum Alloya (Alternately Imwrsed in 3.5 Percent Salt Solution) 
. 
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(b)  Specimen broke when removing from test because the threads were corroded, ( e )  Specimen stressed to 90 percent of yield strength. 
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a l l o y  7079-T6 i s  more s u s c e p t i b l e  t o  stress c o r r o s i o n  c r a c k i n g  i n  t h e  
atmosphere than the o t h e r  h i g h - s t r e n g t h  aluminum a l l o y s  t e s t e d .  There 
appears  to be a d i f f e r e n c e  i n  t i m e  t o  fa ' lu re  among t h e  t h r e e  s t ress  
l e v e l s  (25,  50, and 75 percent  of y i e l d  s t r e n g t h )  of t h e  s h o r t  t r a n s -  
verse specimens of a l l o y  7079-T6 exposed t o  t h e  atmosphere. T h i s  effect 
of s t ress  l e v e l  was n o t  apparent  i n  t h e  a l t e r n a t e  immersion tes t .  More 
s i g n i f i c a n t  data  from t h e  atmospheric  t es t s  should be forthcoming. 
The l i m i t e d  stress c o r r o s i o n  da ta  on 7079-T6 a l l o y  u t i l i z i n g  'IC"- 
r i n g  t y p e  specimens, a l t e r n a t e l y  immersed i n  a 3-112  p e r c e n t  s o l u t i o n  
of sodium c h l o r i d e ,  a r e  given i n  Table I V .  The r e s u l t s  ob ta ined  w i t h  
"C"-rings s t r e s s e d  i n  t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n  agreed v e r y  f a v o r -  
a b l y  w i t h  those obta ined  from corresponding round t e n s i l e  specimens 
( s e e  Tables  I1 and IV). The "C"-rings s t r e s s e d  i n  t h e  long t r a n s v e r s e  
and l o n g i t u d i n a l  d i r e c t i o n s  f a i l e d  prematurely i n  comparison t o  c o r -  
responding round t e n s i l e  specimens. It was observed,  however, t h a t  a l l  
t h e  specimens f a i l e d  i n  t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n  (FIG 3)  i n s t e a d  
of f a i l i n g  a t  the p o i n t  of maximum stress. Consequent ly ,  when "C"-ring 
type  specimens a r e  employed f o r  t h e  e v a l u a t t o n  of s t ress  c o r r o s i o n  
c r a c k i n g ,  i t  i s  important  t o  thoroughly examine t h e  f r a c t u r e  t o  a s c e r -  
t a i n  t h e  d i r e c t i o n  of f a i l u r e  r e l a t i v e  t o  g r a i n  s t r u c t u r e .  
The r e s u l t s  ob ta ined  from t h e  i n v e s t i g a t i o n  of p r o t e c t i v e  c o a t i n g s  
t o  combat stress c o r r o s i o n  of h i g h - s t r e n g t h  aluminum a l l o y s  a r e  p r e -  
sen ted  i n  Table V and V I .  It may be seen  t h a t  t h e  chemical conversion 
c o a t i n g s  (Alodine No. 1200 and I r i d i t e  No .  14-2) and anodic  c o a t i n g s  
w e r e  n o t  e f f e c t i v e  i n  combating s t ress  c o r r o s i o n .  S u l f u r i c  a c i d  anod- 
i z e d  f i l m  sea led  i n  a dichromate b a t h  o f f e r e d  some p r o t e c t i o n  i n  t h e  
a l t e r n a t e  immersion tes ts  but  was n o t  e f f e c t i v e  i n  t h e  atmospheric  
exposure t es t s .  The most e f f e c t i v e  coat ' ing c o n s i s t e d  of a chemical 
conversion o r  anodic  c o a t i n g  p l u s  two s p r a y  c o a t s  of z i n c  chromate 
pr imer  (MIL-P-85858). I n  a c t u a l  p r a c t i c e ,  t h e  e f f e c t i v e n e s s  of a 
p r o t e c t i v e  c o a t i n g  i s  q u e s t i o n a b l e  because of t h e  d i f f i c u l t y  of main- 
t a i n i n g  complete i s o l a t i o n  of t h e  meta l  s u r f a c e  from t h e  c o r r o s i v e  
environment. Stress c o r r o s i o n  c racking  of a h i g h l y  s t r e s s e d  s u r f a c e  
may be encountered when only  a v e r y  smal l  s u r f a c e  a r e a  i s  exposed, 
such a s  t h a t  r e s u l t i n g  from h o l i d a y s  o r  smal l  c r a c k s  i n  t h e  c o a t i n g .  
A t  b e s t ,  p r o t e c t i v e  c o a t i n g s  w i l l  on ly  ex tend  t h e  l e n g t h  of t i m e  t o  
stress c o r r o s i o n  c racking  of s u s c e p t i b l e  a l l o y s .  I n  many c a s e s ,  t h i s  




* r F A I L U R E  
FIGURE 3 SKETCH OF “C”- RING LOADED IN LONG TRANSVERSE DIRECTION 
WITH FAILURE IN THE SHORT TRANSVERSE DIRECTION 
MTP - P&VE - M - 63 - 8 
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Table  I V .  Stress Corrosion of A,uminum Al loy  7079-T ( "C" -Rings) 
A l t e r n a t e l y  Immersed i n  3 . 5  Percen t  S a l t  So lu t ion  
Stress Di rec t ion  
Short  Trans.  (a)  
Shor t  Trans.  (b) 
Long Trans.  
Longitudina 1 
Ca lcu la t ed  S t  
' e r cen t  of 



















ss Level  
tress (=I) 
4 6 . 4  
4 6 . 4  




4 6 . 4  
4 6 . 4  
4 6 . 4  
4 6 . 4  
5 5 . 6  
55.6 
55 .6  
55.6 
4 9 . 6  
49 .6  
4 9 . 6  
49.6 
Days t o  F a i l u r e  
9 







Notes: (a) Specimen c u t  from t h e  wid th  f a c e .  Thus, t h e  s h o r t  t r a n s -  
v e r s e  was normal t o  t h e  long t r a n s v e r s e .  
(b) Specimen c u t  from t h e  l e n g t h  f a c e .  Thus, t h e  s h o r t  t r a n s -  
v e r s e  was normal t o  t h e  l o n g i t u d i n a l .  
(c) Specimen f a i l e d  i n  t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n .  
S a l t  Solu t ion)  
~~ ~~ ~ 
Table V. S t r e s s  Corrosion P r o t e c t i v e  Coatings f o r  Aluminum ( A l t e r n a t e l y  Immersed i n  3 . 5  Percent  
13 
Alloy and P r o t e c t i v e  
Coat ing 
2014-T651 S h o r t  Transverse 
Anodize Type I (a) 
Anodize Type L I  (hot 
water  sea led)  (a)  
Anodize Type I1 (dichro-  
mate sea led)  (a) 
Anodize Type I p l u s  2 
c o a t s  z i n c  chromate(c) 
2014-T651 Long Transverse 
I r i d i t e ( b )  
I r i d i t e  p l u s  2 c o a t s  
z inc  chromate(b) 
I r i d i t e  p l u s  2 c o a t s  
z i n c  chromate(a) 
Anodize Type I(a) 
Anodize Type I1 (hot 
water  sea led)  (a) 
Anodize Type I p l u s  
2 c o a t s  z i n c  chromate(c) 
2014-T651 Longi tudinal  
Anodize Type I(a) 
Anodize Type I p l u s  
2 c o a t s  z i n c  chromate(') 
7079-T6 Shor t  Transverse 
Anodize Type I1 d i -  
chromate sea led)  la )  
Anodize Type I1 p l u s  2 
c o a t s  z inc  chromate(a) 
Hard Anodize(a) 
Hard Anodize p l u s  2 
c o a t s  z inc  chromate(a) 
Alodine (b) 
Alodine p l u s  2 c o a t s  
z inc  chromate(a) 






































T e n s i l e  S t  






































F i n a l  
Unstressed 
Note: (a) Sur face  t reatment  appl ied  before  s t r e s s i n g .  
(b) Surface t rea tment  appl ied  a f t e r  s t r e s s i n g .  
(c) Anodized before  s t r e s s i n g  and z i n c  chromate primed a f t e r  s t r e s s i n g .  
(d) Sur face  t r e a t e d ,  uns t ressed  specimens were n o t  t e s t e d .  
(e)  Specimen had n o t  f a i l e d  a f t e r  f i v e  months of exposure.  
( f )  Specimens had not  f a i l e d  a f t e r  one year of exposure.  
Days t o  F a i l u r e  
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Table  V I .  Stress Corros ion  P r o t e c t i v e  Coat ings  f o r  Aluminum 
(7079-T6, Shor t  Transverse)  
Atmospheric Tes t  
P r o t e c t i v e  Coating 
4nodize Type I1 
chroma te sea led) 
Ynodize Type I1 p l u s  
2 c o a t s  z inc  chromate(a) 
Hard Anodize (a) 
Hard Anodize p l u s  2 
c o a t s  z i n c  chromate(a) 
Alodine(b) 
Alodine p lus  2 c o a t s  
z i n c  chromate (a) 
Zalc .  Stress 
Level (KSI)  
46 .4  




46 .5  
46 .5  
46.5 




e n s i l e  PI 
r i g i n a  1 
7 1 . 2  
7 1 . 2  
7 1 . 2  
7 1 . 2  
71.2 
7 1 . 2  
71.2 
7 1 . 2  
71.2 
7 1 . 2  
7 1 . 2  
71.2 
p e r t i e s  (KSI) 
Fina 1 





71 .8  
- - - -  
Notes:  (a) Sur face  t r ea tmen t  a p p l i e d  b e f o r e  s t r e s s i n g .  
(b) Sur face  t r ea tmen t  a p p l i e d  a f t e r  s t r e s s i n g .  
(c) Specimen had not  f a i l e d  a f t e r  f i v e  months of exposure.  
I 
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CONCLUSIONS AND RECOMMENDATIONS 
The r e s u l t s  of t h e s e  r a t h e r  l i m i t e d  tests i n d i c a t e  t h a t :  
1. The stress c o r r o s i o n  c h a r a c t e r i s t i c s  of t h e  more common high-  
s t r e n g t h  aluminum a l l o y s  - 2014, 2024, 7075, 7178, and 7079 - i n  t h e i r  
normal tempers (-T4 and -T6) a re  s i m i l a r .  
2 .  Alloys  2219-T87 and 7075-T73 e x h i b i t e d  r e l a t i v e l y  h igh  resist- 
ance t o  stress co r ros ion  i n  t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n ,  and coin- 
pared f avorab ly  i n  performance t o  the  in t e rmed ia t e - s t r eng th  a l l o y  
5456-H321. 
3. The aluminum a l l o y s  exh ib i t ed  t h e  l e a s t  r e s i s t a n c e  t o  stress 
co r ros ion  c rack ing  when s t r e s s e d  i n  t h e  s h o r t  t r a n s v e r s e  d i r e c t i o n ,  and 
t h e  h i g h e s t  r e s i s t a n c e  i n  t h e  l o n g i t u d i n a l  d i r e c t i o n  r e l a t i v e  t o  g r a i n  
s t r u c t u r e  . 
4 .  I n  t h e  a c c e l e r a t e d  test ,  t h e  stress l e v e l  i n  the  range of  25 
pe rcen t  t o  90 percent  of y i e l d  s t r e n g t h  (15 t o  55 KSI) had no e f f e c t  
on t h e  stress c o r r o s i o n  c racking  s u s c e p t i b i l i t y  of a l l o y  7079-T6 i n  t h e  
s h o r t  t r a n s v e r s e  d i r e c t i o n .  
5 .  Close examinat ions of f r a c t u r e s  i n  "C"-ring type specimens 
used i n  stress c o r r o s i o n  tests a r e  necessa ry  t o  a s c e r t a i n  t h e  d i r e c t i o n  
of f a i l u r e  r e l a t i v e  t o  the  g r a i n  s t r u c t u r e .  
6.  I n  g e n e r a l ,  chemical conversion and anodic  c o a t i n g s  cannot  be 
cons idered  e f f e c t i v e  i n  combating stress co r ros ion  c rack ing  of aluminum 
a l l o y s .  E i t h e r  of t h e s e  two t rea tments  p l u s  two sp ray  c o a t s  of z i n c  
chromate pr imer  (MIL-P-8585A) show promise i n  ex tending  t h e  t i m e  t o  
f a i l u r e  of stress co r ros ion  s u s c e p t i b l e  aluminum a l l o y s .  
I n  view of t h e  s u s c e p t i b i l i t y  of many aluminum a l l o y s  t o  stress 
c o r r o s i o n  and t h e  v a r i a t i o n  i n  s u s c e p t i b i l i t y  caused by d i f f e r e n t  h e a t  
t r e a t m e n t s ,  e v a l u a t i o n  of t h e  newer, h igh - s t r eng th  aluminum a l l o y s  and 
welded j o i n t s  a r e  planned. S t r e s s  c o r r o s i o n  s t u d i e s  w i l l  be conducted 
on 7001-T75, 7002-T6, 7006-T6, 7039-T6, and 2219-T31, -T37, -T62, -T81, 
and -T87 aluminum a l l o y s .  'Welded j o i n t s  of 2219 p l a t e  and f o r g i n g s  
sub jec t ed  t o  d i f f e r e n t  h e a t  t rea tments  w i l l  a l s o  be eva lua ted .  The 
atmospheric  tes ts  a r e  being cont inued ,  and a d d i t i o n a l  stress c o r r o s i o n  
tes ts  a r e  planned f o r  t h i s  environment. Add i t iona l  i n v e s t i g a t i o n  i s  
needed i n  t h e  f i e l d  of p r o t e c t i v e  coa t ings  t o  combat s t r e s s  c o r r o s i o n  
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